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Together  with  a  presentation  of  the  theoretical 
foundation  of  this  phenomenon,  the  illumination 
during  different  phases  of  a  lunar  eclipse  are 
calculated  for  a  standard  terrestrial  atmosphere 
without  ozone ,  as  well  as  for  the  varying  dis¬ 
tribution  of  ozone  depending  on  altitude  above 
sea  level.  The  results  are  summarized  in  table 
3*  This  table  contains:  1}  the  different  limit¬ 
ing  heights  in  the  atmosphere  Illuminated  by 
passing  solar  rays,  as  this  appears  from  the 
moon;  2)  the  corresponding  phase  angles  for  the 
observed  area  of  the  moon,  i.e.  the  angular 
distance  of  the  area  from  the  center  of  the 
earth’s  umbra;  3)  the  illumination  J/J0  for 
X=0.5  p,  calculated  for  a  standard  atmosphere 
without  ozone  in  units  of  illumination  produced 
by  the  uneclipsed  sun;  4)  and  5)  the  same  as  3) 
but  for  an  ozone  admixture  with  a  total  vertical 
depth  equal  to  0.031  and  at  heights  of  21  and 
26  km,  respectively;  6)  and  7)  the  absorption 
produced  by  ozone  unde*  these  conditions  expres¬ 
sed  in  stellar  magnitudes. 

An  inspection  of  photometric  curves,  similar  to 
those  in  figs.  2-6,  indicates  that  it  is  possible 
to  determine  the  distribution  of  atmospheric 
ozone  on  the  basis  of  altitude,  as  well  as  its 
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total  content  in  the  atmosphere 


During  lunar  eclipses  diverse  regions  on  the  moon 
are  illuminated  by  solar  rays  which  simultaneously  pass 
through  different  layers  of  the  earth* s  atmosphere* 

This  illumination  may  ha  computed  theoretically  by  assum¬ 
ing  a  certain  standard  condition  of  the  earth’s  atmosphere. 
Any  admixture  in  the  atmosphere’s  high  layers  of  foreign 
absorbing  particles  incapable  of  changing  the  direction 
of  the  solar  rays,  as  well  as  the  occurrence  of  a  certain 
amount  of  ozone  may  be  discovered  by  photometric  measure¬ 
ments  made  in  different  wave  lengths  during  various  phases 
of  the  eclipse. 

To  facilitate  such  calculations  it  is  desirable  to 
have  tables  at  hand  which  represent  the  trajectories  of 
solar  rays  which  pass  dlreetiy  through  the  earth’s  atmo¬ 
sphere  at  diverse  minimum  altitudes  hD  above  sea  level. 

let  there  be  for  each  parameter  of  hG  at  the  polar 
coordinates  r  and  considered  from  the  center  of  the 
earth,  the  relation 


rscf  (<?,  h0) , 

as  well  as  the  corresponding  expression  for  refraction 

Hefr  as  F  ($>,  hQ)  , 

where  the  amplitude  angle  $>  is  taken  from  the  direction 
of  the  initial  vector.  The  accuracy  of  these  magnitudes 
for  r  and  Hefr  depends  entirely  on  the  value  of  the  refrao- 
tive  index  n  at  different  altitudes. 

We  have,  with  sufficient  accuracy, 

n  r  1  +  c  p  , 

where  p  is  the  air  density.  The  constant  c  depends  on 
The  relations  may  be  found,  as  this  has  been  shown  in  detail 
in  (1),  through  the  series  representing  the  radius  vector  as 
a  function  of  the  amplitude  angle  by  means  of  the  so-called 
coefficients  of  refraction.  To  determine  the  refraotion  it 
is  also  possible  to  use  a  similar  series,  although  the  ac¬ 
curacy  will  then  be  considerably  reduced,  due  to  the  faot 
that  this  has  essentially  to  be  derived  from  the  amplitude 
angle  which  lowers  convergence  considerably.  However, 
since  the  value  of  refraction  between  the  point  of  greatest 
approach  of  the  trajectory  to  the  earth’s  surface  at  alti¬ 
tude  h0  and  the  given  vector  is 

Hefr  ss  C  -  90°  , 
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whereupon 


ctg  &  y?  ,  U) 

it  appears  simpler,  instead  of  using  the  series,  to  employ 
the  fundamental  refraction  equation  with  the  known  form 


rrx 


£ 


O  % 


(2) 


Knowing  r  as  a  function  of  spt  we  find  C  from  this  and  then 
the  corresponding  Refr.  It  is  also  possible  to  directly 
determine  the  trajectory  of  the  light  ray  passing  through 
the  entire  atmosphere  by  means  of  an  equation  described  in 
the  form  of  an  integral  in  which  the  radius  vector  is  a 
variable. 

Actually,  excluding  angle  £ f rom  relations  (1}  and 
( 2) ,  we  obtain 


This  equation  may  be  used  conveniently  to  compute  the 
trajectory  of  the  light  beam,  only  if  Co  differs  from 
90°  and,  hence,  the  denominator  is  not  reduced  to  zero 
at  any  one  of  its  points. 

Besides,  starting  out  from  (2),  angle  C  may  be 
represented  in  the  form 


-f-  CffV*''*' 


Taking  into  consideration  that  angle  is  reduced  to  zero 
at  infinity  when  r~co  ,  and  noting  that  for  the  initial 
point  of  the  trajectory 

S  =  6>5  r=r0;  n=n0  , 

we  find 
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t*5* 


^  c?-) 


r 

y> 


x  ( ” 


-) 


The  first  integral  on  the  right  side  of  this  equation 
represents  the  amplitude  angle  ,  taken  between  the 
initial  and  infinitely  distant  points  on  the  light 
trajectory  which  is  equal  to  the  true  zenith  distance 
of  the  luminary  that  it  has  in  the  absence  of 
refraction.  On  the  other  hand, £„  is  the  apparent 
zenith  distance  at  the  initial  point  of  the  trajectory. 
Refraction  throughout  the  entire  range  of  the  light 
beam  is,  apparently,  the  difference 


Refr  =  V  Co 


and,  consequently, 

Refr 


The  refraction  between  the  original  and  any 
points  in  the  trajectory  is  evidently. 


Refr  •= 


C 

J 

I 


intermediate 


In  order  to  avoid  singularity  in  the  integrand  for  the 
initial  point  in  the  trajectory,  computations  may  be  made 
from  Its  terminal  point  upon  escape  from  the  atmosphere, 
making  the  radius  vector  large  enough  and  assuming  the 
refractive  index  is  equal  to  unity.  In  any  case,  the 
computation  of  the  light  trajectories  which  pass  through 
the  terrestrial  atmosphere  at  different  altitudes  above 
the  earth’s  surface  does  not  present  any  difficulty* 
Appropriate  tables,  which  we  have  figured  out  for  0.5 
wave  length,  are  given  in  (1). 

The  determination  of  the  (extinction  coefficient 
which  corresponds  to  each  element  in  the  light  beam  tra¬ 
jectory  is  incomparably  more  difficult*  inasmuch  as  this 
is  related  to  diverse  admixtures  in  the  gas  medium  at 
different  altitudes,  and  the  proportion  of  these  admixturei 
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Is  far  from  constant.  It  may  be  assumed  that  the  content 
of  very  fine  dust  increases  with  altitude,  although  water 
pairs  occur  in  completely  insignificant  quantities  beyond 
the  troposphere.  It  may  nevertheless  be  assumed  for  the 
standard  atmosphere  without  ozone  that  the  coefficient  of 
absorption  k  in  the  expression 


du  ~kp  dh 


is  a  constant  value,  so  that 


k  Wan 


Ibis  coefficient  may  be  determined  by  the  transparency 
tne  atmosphere ,  known  from  observation 


of 


Alj.  other  ractors ,  as,  for  instance,  ozone  or  cosmic  dust, 
if  sucn  exists  in  the  high  layers  of  the  atmosphere,  pro- 
$uo® *a^oerfcain  deviation  from  standard  conditions  and  may 
be_ differentiated  by  pertinent  observations  during  lunar 
eclipse.  & 

Wc  will  imagine  that  there  is  a  hypothetical  obser- 
ver  on  the  surface  of  the  moon  at  the  time  of  an  eclipse, 
-or  this  observer  each  element  of  the  solar  disk 

dcr  sr  r  dr  d  cp 


i.3  visually  transposed  by  the  action  of  double  refraction  to 
the  immediate  vicinity  of  the  visible  limb  of  the  earth  and 
is  transferred  to  the  extraordinarily  compressed  element 


d  ef  *  ~  p  a  pd  <p  , 


where  p  =  R  -f-  h0 

All  values  which  enter  the  picture  here  are  expressed 
in  ere  very  same  angular  units.  The  corresponding  double 
refraction,  known  from  the  table,  as  a  function  of  h0  is 

2  Befr  =  p  -  r  =Hf  h0  -  r  . 
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The  illumination  of  a  particular  area  on  the  moon 
is  determined  by  integration  of  all  the  elements  of  the 
solar  disk,  expressed  by  the  equation 


J 


yu 


j 


^  UyC) 

j:  <r  t-  7 


j(r  )  ^f 


(3) 


where  d  is  the  angular  distance  between  the  oenters  of 
the  earth  and  sun  seen  from  a  given  region  on  the  moon, 
Sot  .is  the  solar  radius  in  the  same  angular  measure, 
j  {-§-}  -  is  the  distribution  of  brightness  on  the  solar 
disk:,  (ext)  »  is  extinction. 

We  have  found  through  obvious  considerations  that 


t\  :<*ZK 


&<r 


R  the  . 

/- 


Passing  from  h0  expressed  in  angular  measure  to 
the  linear  value  expressed,  for  instance,  in  kilometers 
and  deriving  from  double  refraction  according  to  its 
absolute  value ,  w©  find  that 


/— 


1+  L 


j 

<Ah0  i 


* 


1  -  is  the  distance  between  the  moon  and  earth. 

The  latter  equation  accurately  represents  the 
weakening  in  illumination  from  the  sun,  as  a  result  of  the 
dispersion  of  rays  which  pass  through  the  non-homo geneous 
medium  of  the  earth’s  atmosphere  with  a  gradual  lessening 
in  the  curvature  of  the  rays  at  a  greater  distance  from 
the  earth’s  surface. 

Hence,  when  atmospheric  extinction  is  lacking,  the 
apparent  brightness  of  the  solar  image ,  transformed  by  the 
earth’s  atmosphere,  as  seen  by  an  observer  on  the  moon, 
remains  identical  to  that  without  an  eclipse, 

Tkl3  same  effect,  although  to  an  incomparably  lesser 
extent,  also  exists  for  an  observer  situated  directly  on 
the  surface  of  the  earth  when  the  the  sun  passes  close  to 
the  horizon.  Since  this  effect  does  not  depend  on  the 
angular  dimensions  of  the  object,  it  should  be  taken  into 
consideration  for  stars  as  well,  acting  toward  an  increase 
In  ordinary  atmospheric  extinction. 
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With  the  intention  of  investigating  diverse  admix¬ 
tures  to  the  standard  atmosphere,  how  these  appear  at  the 
different  altitudes  hc,  it  is  more  expedient  to  write 
equation  (3)  in  an  equivalent  form,  integrating  with  h0 
instead  of  r.  In  accordance  with  this,  for  actual  calcula¬ 
tion,  one  assumes  the  expression 

J  th  tfiw&f- 

s'  a  f 

J  =  <2s  \  (&  H ) (**£) ^4  J 

where 

( ext }  =  e 


t  »  is  the  optical  depth  of  the  entire  atmosphere  along 
the  pertinent  horizontal  ray  which  passes  above  the  ter¬ 
restrial  surface  at  the  minimum  height  fau. 

Illumination,  represented  by  equation  (4),  should 
be  referred  to  the  illumination  which  is  produced  by  the 
sun  on  the  seme  region  of  lunar  surface  without  an  eclipse. 
To  do  this,  the  values  which  have  been  found  should  be 
differentiated  as 


0 


where  j  (-$-}  indicates,  just  as  before,  the  distribution 
of  intensity  on  the  sun’s  disk. 

The  extinction  of  horizontal  rays  and  corresponding 
refractive  dispersion  reduce  the  luminosity  of  the  moon 
during  eclipse  to  an  extremely  high  degree*  In  all  actual¬ 
ity,  during  the  full  lunar  eclipse  only  a  very  small  part 
of  the  sun’s  disk  (near  the  limb  of  the  earth)  is  of  real 
importance*  Close  to  the  end  of  full  phase  the  active 
portion  of  the  atmosphere  which  appears  illuminated  to  the 
moon  viewer  incessantly  increases  with  the  approach  of  the 
sun  to  the  earth’s  limb,  encompassing  ever  greater  heights, 
while  the  inside  section  of  the  deformed  .image  of  the  sun 
remains  practically  bound  to  these  same  low  air  layers. 

In  the  simplest  particular  instance,  corresponding 
to  the  central  phase  of  the  full  eclipse,  where  d  equals 
zero,  and  the  entire  event  is  distinguished  by  complete 
symmetry,  each  circular  ring  into  which  the  solar  disk 
could  be  divided  yields  two  images  for  the  hypothetical 
observer  on  the  moon.  The  most  extreme  ring  which  correspond 
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to  the  external  contour  of  the  solar  disk  assumes  the 
form  of  the  thinnest  annulus,  encircling  the  entire 
earth  and  is  visible -at  an  altitude  of  5.56  km,  and  at 
the  same  time  the  shape  of  a  weaker  ring,  visible  at  a 

height  of  1.55  km.  r  ‘  ^  „  -  . . 

vvery  other  concentric  zone  in  the  center  of  the 
solar  disk  also  produces  two  images,  so  that' in  the  final 
reckoning  the  whole  solar  disk  is  situated  between  the 
indicated  limits,  appearing  as  a  dense  ring 
visible  width  of  only  2.5”,  the  brightness  of  which  falls 
rapidly  according  to  the  degree  of  proximity  to  the 

earth  froia  this  that  the  solid  angle  under 

which  the  sun  appears  from  the  moon  dwindles  at  the 
moraentof  the  eclipse’s  central  phase  to  a  negligibly 
small  fraction,  namely  approximately  70  times  less  ^han 
the  initial  value,  meanwhile  including  together  with  this 
the  effect  of  dispersion. which  was  mentioned  above. 

To  perform  needed  computations,  we  have  compiled 
an  auxiliary  table  according;  to  argument  h0,  giving 
R4-  h0  ,  furthermore  the  horizontal  double  refraction, 
the  radius  vector  r,  whereupon  the  corresponding  element 
in  the  solar  disk  is  taken  visually  up  to  the  level  or 
the  given  layer  of  atmosphere,  and  finally,  the  of 

transparency  e“2  for  the  given  trajeotory.  The  radius 
of  the  earth’s  disk  is  taken  at  57.6.  In  further  calcula¬ 
tions  the  radius  of  tha  solar,  disk  is  assumed  to  be  equal 
to  16’  (see  table  1). 


TABLE  1 


, 

h\ 

IReJr 

■■ 

t 

2 

» 

4 

mom 

« 

5  1 M* 

0:045 

57:645 

45: 190 

42.'555 

O.ttixto-* 

10 

0  000 

57.890 

24.180 

36.510 

0.729x10“* 

15 

0.136 

57.736 

8.905 

48,741 

o.icea 

17.5 

0.159 

57.759 

6.099 

51.6*> 

0.224 

20 

0.181 

57.781 

3.8t9 

53.062 

0.361 

22.5 

0.204 

57.8035 

2.474 

65.330 

0.498 

25 

0,228 

57.826 

4.736  ! 

50,120 

0.625 

27.5 

0.240 

57.848 

1.208 

50.640 

o.m 

30 

0.271 

57.871 

0.800 

57.071 

0.805 

35 

0.316 

56.916 

0.40) 

57.516 

0.904 

40 

0.362 

57.662 

0.200 

57,762 

0.956 

45 

0.40? 

58.007 

0.100 

57.907 

0,976 

SO 

0.452 

58.062  * 

0.000 

58.002 

0.9H8 

55 

0.497 

58.007 

0.025 

58.072 

O.VW 

(VI 

0.342 

58.142 

:  o.oi2 

58.130 

0.998 

as 

0.587 

|  58.187 

0.006 

58.181 

1.000 

To 

!  0.633 . 

r  58:233 

1  0.003 

58.230 

$.0 

75 

j  0.678 

58.278 

'  0.0015 

58.277 

:  i.o 

ft) 

0.724 

58.324 

0.00075 

58,323 

1.0 

85 

0.769 

58.369 

0.00038 

!  58.369 

■  1.0 

90 

0.814 

58.414 

0.00019 

58.414 

1.0 

100 

0.904 

58.504 

0.00005  ' 

I  58.504 

1.0  . 

no 

o 

58.594 

0.00 

58.594 

i.o 

120 

1.084 

68.684 

0.00 

66.684 

1.0 

125 

1.430 

58.730 

0.00 

58.730 

1.0 

150 

1.356 

58.956 

0.00 

58.958 

1.0 

175 

1.562 

59.182 

0.00 

58.182 

1.0 

2110 

1.808 

59.406 

0.00 

59.408 

i.o 

250 

2-260 

•  59.860 

G.00 

59.860 

1.0 

300 

2.712 

60.312 

0,00 

00.312 

1.0 

350 

3.164 

60.764 

0.00 

00.764 

1.0 

400 

3.616 

61.216 

0.00 

61.216 

1.0 

800 

7.232 

64.832 

0.00 

64.832 

1.0 

8 


In  order  to  take  the  effect  of  ozone  into  consideration 
for  any  particular  wave  length,  it  is  first  of  all  neces¬ 
sary  to  estimate  the  optical  depth  for  the  respective 
trajectories  of  the  solar  rays*  Two  characteristic  cases 
are  examined.  Assuming  the,  distribution  of  ozone  in  rela¬ 
tion  to  altitude  to  be  in  accordance  with  Laplace's  formula 

C  =r  Ae**04-  Ch  -  hj!2  , 

we  take  the  height  of  maximum  concentration  h^  as  21  and  26 
km  respectively.  Coefficient  a,  is  assumed  equal  to  0*0283, 
which  corresponds  to  a  four-fold  drop  in  ozone  concentra¬ 
tion  every  ?  km  in  altitude  (see  (2)  }  . 

The  optical  depth  for  the  horizontal  trajectories 
is  computed  according  to  the  usual  expression 

sec  't  dh  , 


which  is  equivalent  to  the  following 


[% 


7  (a-*-* 


(4- 


l  f  c  %+■■£)  9> 

CrOJ  ('f 


deef  fieient  A  is  determined  by  comparing  its  value 
with  the  optical  depth  along  the  vertical,  assumed  equal 
to  0*011  for X*  0*5  p.  The  transparency  for  ozone, 

computed  in  a  similar  manner  for  different  horizontal 
trajectories  which  correspond  to  the  total  range  at  !»<>, 
is  presented  in  table  2,  As  may  readily  be  seen,  this 
indicates  the  characteristic  path  at  altitude  h0,  and  is 
strongly  reminiscent  of  the  08  tz  reverse  effect.  Trans¬ 
parency  in  the  ozone  is  not  very  low  precisely  at  the 
lowest  layers,  further  dropping  with  altitude,  and  upon 
reaching  the  minimum  somewhat  below  the  height  of  maxi¬ 
mum  concentration  rap.idly  increases  right  up  to  unity. 

In  essence*  both  curves  which  represent  transparency  in 
the  ozone  are  completely  identical  and  distinguishable 
from  one  another  solely  by  a  shift  in  altitude  at  5  tan 
( see  table  2). 
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T&bX©  2 


A,*1'.  Si  kai 

ft**®  3*  *■* 

ft»*»  38  *lu 

0  «-« 
2.S 

0  442 

- 

20 

6.19ft 

0.302 

6.42S 

22.5 

0.32& 

0.180 

5 

0.«0 

0.445  1 

25 

2-5SI  ! 

o.m 

n 

l(i 

O.Mft 

1  0,426  ) 

27.5 

0  /47  ! 

0  324 

0.312 

0.3i«  i 

3v> 

6.P24 

0-5it« 

13.5 

0:252 

i  0.365  i 

ii  35 

0.999 

0.925 

15 

17.5 

O.li# 

0.«n 

0.315  U  40 
0.244  {! 

1  .000 

0.999 

The  data  in  this  table  are  represented  by  the 
curves  in  figure  1.  Actually, ^oth_ curves^ characterize 


curves  in  IlEara  J.  6  nvivuaj.AO'  }  -----  ----  .  , 

lng  transparency  in  the  ozone  for  different  horizontal 
trajectories  are  nearly  precisely  marked  by  parallel 

paths.  ^  thig  manner,  rather  extensive  computations 
have  been  made  for  the  different  angles  d  whioh  essen- 
ially  represent  the  angular  distances  between  the  centers 
of  the  earth’s  shadow  and  the  observed  area  on  the  lunar 


ear un  s  aiiauu v*  emu.  ^ -  y  « 

Figures  2,3,  and  4  show  values  of  the  integrand 


disk#  Figures  ana  4 

functions  (4)  taken  according  to  the  argument  h0  for 
three  characteristic  values  of  the  angles  at  a,  namely 
immediately  after  the  end  of  the  full  phase  of  the 
eclipse,  corresponding  to  d  » 41*  .6,  when  the  solar  lim 
seen  from  the  moon  reaches  an  altitude  hD  at  40. /O  ana 
400  km  respectively  <d*41'.96;  42’. 23;  45**22). 
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In  these  drawings  the  upper  curve  represents  the 
value  of  the  integrand  function  for  a  standard  atmosphere 
with  density  distribution  according  to  altitude  in  con¬ 
formity  with  (2).  The  point  curve  refers  to  ozone  con¬ 
tent,  shown  above,  with  the  maximum  concentration  at  an 
altitude  of  21  km;  the  thin  solid  curve  refers  to  the 
same  ozone  content,  although  with  a  maximum  concentration 
displaced  5  km  higher,  i.e*  up  to  26  km. 

As  may  be  seen,  even  a  small  admixture  of  ozone 
has  an  extraordinarily  strong  effect  on  the  luminosity 
of  the  moon’s  surface  during  an  eclipse.  Sven  at  the 
maximum  value  of  ho  at  70  km,  the  influence  of  ozone  is 
still  perceived  extremely  strongly,  gradually  lessening 
however,  as  further  transition  into  the  penumbra  occurs. 

It  is  apparent,  besides,  from  the  illustrations  presented 
that  a  slight  shift  in  the  altitude  of  maximum  ozone  con¬ 
centration  exerts  a  very  perceivable  effect  on  the  general 
illumination  in  the  corresponding  wave  length.  Even  at 
h0  equal  to  400  km,  where  the  influence  of  the  lower 
layers  of  the  atmosphere  makes  itself  very  much  negligible 
in  terms  of  general  illumination,  exact  measurements  may 
disclose  a  discrepancy  in  the  corresponding  distribution 
of  ozone  according  to  altitude. 

All  the  numerical  findings  which  have  been  gathered 
are  summarized  in  table  3. 


Fig.  3 


Fig.  k 
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This  table  contains:  1)  limiting  altitudes  in  the 
atmosphere  which  are  still  illuminated  by  passing  solar 
rays;  2 /  the  corresponding  phase  angles  for  the  observed 
regions  on  the  moon,  i.e.  the  angular  distances  of  this 
area  from  the  center  of  the  terrestrial  umbra;  3)  the 
illumination  ? /,T 0  for  A-  0.5  p,  computed  for  a  standard 
atmosphere  taken  without  ozone  and  expressed  in  units  of 
illumination  from  the  uneclipsed  sun;  4)  and  5)  are 
similar  illuminations  for  ozone  with  full  vertical 
optical  depth,  equal  to  0,031,  and  with  heights  of 
maximum  concentration  at  respectively  21  and  26  km; 

6)  and  7)  are  corresponding  absorptions  in  stellar 
magnitudes,  produced  by  ozone.  The  data  given  in  these 
tables  make  it  possible  to  trace  photometric  singular¬ 
ities  in  the  lunar  eclipse,  both  for  a  standard  atmo¬ 
sphere  without  ozone  and  also  with  ozone,  distributed  in 
diverse  manners'*  ’Ye re  observations  to  be  made  in  wave 
lengths  where  the  influence  of  the  ozone  absorption  band 
is  insignificant,  as,  for  instance ,  in  the  blue  or  ex¬ 
treme  red  light  rays,  and  a  photometric  curve  is  plotted 
on  the  basis  of  these  observations  for  the  intermediate 
part  of  the  spectrum,  where  the  effect  of  the  Shapyui  [i] 
absorption  band  appears,  it  would  be  possible,  by  compar¬ 
ing  a  similar  neutralized  curve  with  the  actually  observed 
one  for  this  part  of  the  spectrum  to  deduce  the  effect  of 
ozone  at  the  pertinent  wave  length  and  thus  at  different 
phases  of  an  eclipse. 

The  findings  will  be  similar  to  those  shown  on  the 
basis  of  the  data  in  table  3  in  fig.  5.  As  may  be  seen, 
even  absorption  in  such  a  weak  band  as  the  Shapyui  band 
at  a  wave  length  of  0*5  p  attains  values,  for  those  hori¬ 
zontal  rays  which  penetrate  the  earth’s  atmosphere,  up 
to  1.8  stellar  magnitudes,  and,  moreover,  to  a  considerable 
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extent  depends  on  the  distribution  of  ozone  according  to 
altitude.  As  pointed  out  above,  the  maximum  altitudes 
of  hp,  still  illuminated  by  the  sun,  are  directly  related 
to  the  phase  of  the  eclipse  d. 


Fig.  5 


Fig.  6 


Finally,  the  general  photometric  curves  are  depicted 
in  figure  o  which  show  the  course  of  illumination  of  the 
area  on  the  moon  during  the  phase  of  the  eclipse  for  all 
three  cases  indicated  above  (the  standard  atmosphere  with¬ 
out  ozone  and  the  same  atmosphere  with  the  presence  of 
ozone,  distributed  diversely  according  to  altitude). 

Evidently,  within  a  full  phase  of  an  eclipse  the 
illumination  of  the  lunar  surface  slowly  and  gradually 
increases  by  the  sun’s  approach  to  the  limb  of  the  earth, 
as  seen  from  tha  moon.  Further  on,  upon  transition  to 
the  panumbra,  the  illumination  rapidly  begins  to  grow. 

The  oolnt  in  the  photometric  curve  which  corresponds  to 
its  maximum  slope  is  peroeived  by  the  viewer  as  the  edge 
of  the  earth’s  shadow.  It  is  immediately  apparent  from 
this  that  the  visible  dimensions  of  the  earth’s  shadow 
are  noticeably  greater  than  the  theoretical  values, deter¬ 
mined  by  the  inside  oontaot  of  the  sun  with  the  limb  of 
the  earth's  disk.  This  has  actually  been  confirmed  by 
all  observers.  The  corresponding  increase  may  be  estimated 
at  O’. 03  for  the  standard  atmosphere  laoklng  ozone,  and 
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at  O'.l  -  O'. 2#  for  the  real  atmosphere  with  ozone »  Gen¬ 
erally  speaking,  the  admixture  of  ozone  in  the  upper 
layers  of  the  atmosphere  may  perceptibly  Increase  the 
size  of  the  earth’s  shadow.  As  a  result  of  this.  It 
would  be  moat  expedient  to  measure  the  dimensions  of 
the  earth’s  shadow  during  eolipse,  even  if  this  is  during 
the  time  the  edge  of  the  shadow  passes  through  diverse 
lunar  details,  provided  that  such  measurements  are  made 
simultaneously  in  different  spectral  bands  which  corres¬ 
pond  to  absorption  in  ozone  and  without  it. 

The  theoretloal  computations  explained  above 
graphically  show  the  possibility  of  determining  both  the 
total  content  of  ozone  in  the  atmosphere  and  ita  distri¬ 
bution  according  to  altitude  from  photometric  observations 
made  in  different  wave  lengths  and  the  corresponding 
various  eclipse  phases,  especially  near  the  edge  of  the 
umbra  upon  its  transition  to  the  penumbra. 

Together  with  this,  these  computations  indicate 
that  it  is  absolutely  unthinkable,  as  this  has  been  done 
by  various  authors,  to  neglect  the  angular  dimensions  of 
the  sun,  i.e.  to  consider  that  the  illumination  of  the 
lunar  area  during  each  given  phase  is  determined  by  solar 
rays  which  pass  solely  along  a  single  determined  trajec¬ 
tory,  On  the  contrary,  this  illumination  is  determined 
by  the  light  paths  whioh  pass  through  at  a  wide  range  of 
altitudes. 

Institute  of  Astrophysics  Submitted  to 

Academy  of  Sciences,  Kazakh  S8H  the  editorial 

offices 
1  June  1959 
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A  general  expression  la  given  for  the  number 
of  meteors  detected  by  a  radar  set  during 
normal  reflection  {scattering)  of  radio  waves 
by  an  ionized  trail  In  the  case  of  a  stream. 

A  simplified  workable  formula  has  been 
derived , 

The  problem  of  the  number  of  meteors  registered 
has  been  examined  in  diverse  works  (1-4),  eto. 

However ,  it  is  necessary  to  treat  more  completely 
and  accurately  the  relation  between  the  findings  of 
radar  observations  (according  to  number)  and  the  para¬ 
meters  of  the  meteors,  atmosphere  and  radar  equipment* 


1.  THE  DEPENDENCE  OF  THE  NUMBER  OF  REGISTERED  METEORS  ON 
THE  PARAMETERS  OF  THE  RADAR  SET  AND  CHARACTERISTICS 
OF  THE  METEOR  AND  ATMOSPHERE 

The  quantity  of  meteoric  bodies  with  masses  in 
the  interval  m -r  m  4* Am  which  pass  per  unit  time  through 
a  unit  area,  the  normal  path  of  the  meteor,  is  equal  (2) 
to 
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(1) 


A  A/  ^f(m)  a  >n  . 


The  number  of  meteors  in  a  stream  fixed  for  an 
observation  time  ti  ?  t2  in  the  interval  of  altitudes 

hz  7?A?g  in  t5e  8eoto*  el  *  ®2  «>f  the  echo's  plane 
\2i,  as  it  is  easy  to  show  in  the  oase  of  normal  radio 
wave  reflection,  will  be  equal  to  (fig.  1) 

is 

J  *  *  *[  /(***•)  ^ 

4/  *v  v*  4[  s- 


(2) 


where  X  -  is  zenith  distance  of  the  stream’s  radiant;  8  -  is 
the  angle  and  plane  of  the  echo  reckoned  from  a  certain 
direction  (for  example,  axially);  mmin  -  is  the  minimum 
mass  of  s  meteoric  body  which  creates  an  ionized  trail 
detected  by  radar,  equal  to  (2) 
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(3) 


H  and  p  -  are  the  altitude  of  the  homogeneous  atmosphere 
and  the  atmospheric  pressure  in  a  section  of  normal  radio 
wave  reflection;  v  «  is  the  velocity  of  the  meteor;  8  - 
is  the  probability  of  ionization;  u  -  is  the  mass  of  an 
atom  in  the  meteoric  body;  Q  -  is  the  coefficient  charao- 
physical  properties  and  geometrical  peeuli- 
arities  of  the  meteoric  body  (2);  0L.4n  -  is  the  minimum 
registrable  linear  density  of  the  electrons,  equal  to  (5) 


(<**  +  <+x>r. 


(4) 


where  Epor  “  power  of  the  reoeiver  signal  threshold; 

H  -  is  the  slant  range  from  locator  station  to  the  meteor 
track;  P*  -  is  the  radiated  power  in  a  pulse;  X  -  is  the 
wave  length;  G  -  is  the  directive  gain  of  the  antenna; 

B  -  8.10^  elec/cm;  a  -  is  the  initial  radius  of  the 
meteoric  trail;  D  -  is  the  diffusion  faotor  (at  the  point 
of  radio  wave  reflection);  Tfflin  is  the  minimum  time  neoes- 
sary  for  registration,  during  which  the  echo  signal  should 
exceed  the  threshold  level; 
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(5) 


2 


Fig.  1 


.  Tile  echo  plane:  F  (6)  - 
is  a  diagram  of  the 
directivity  of  emission 
in  the  eoho  plane ;  h  - 
is  the  altitude  above  the 
earth’s  surface;  dS  -  is 
the  echo  plane  element 


The  differential  law  of  mass  distribution  of  meteor¬ 
ic  bodies  is  ordinarily  written  in  the  form  (2,6): 


(6) 


where  b  and  s  -  are  constants. 

It  follows  from  (2)  and  (6)  that  the  number  of 
registered  meteors  in  the  stream  may  be  represented  in 
the  form: 


where  %,in  is  determined  from  (3)  and  (4). 

Expressions  (7),  (3)  and  (4)  characterize  the 
dependence  of  the  observation  (according  to  number)  on 
the  parameters  of  the  meteor,  atmosphere  and  radar 
equipment  in  the  case  of  a  stream. 


2.  A  PARTICULAR  CASE  (RECEPTION  PROM  A  SMALL  SPACING  OF 
ALTITUDES  IN  a  NARROW  SECTOR) 

Th©  most  intensive  ionisation  occurs  in  the  aone 
with  characteristic  altitude  hffi(2).  It  is  for  this 
.reason  that  an  examination  of  a  particular  case*  the 
reception  of  echo  signals  from  the  thin  layer  region 
lying,  at  an  altitude  of  h^iw  with  a  small  aperture  in 
sector  A®  (In  the  echo  plane)*  . 

In  this  case  the  pressure  was  equal  to  *,2) 
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where  «»  -  is  the  linear  density  of  the  electrons 
which  correspond a  to  the  characteristic  altitude; 

Q.  as  2  1  g/A A;  Q*  »  t  CAAjyl  X  -  is  the  latent 

heat  of  steam  format  ion:  „  f*  -  la  the  heat  transfer 
factor  (2,6} ;  A  »  A0,-  -r  -  is  the  coefficient  of 

meteoric  body  form;  £  -  la  the  density  of  the  meteoric 
body;  A0  -  is  the  coefficient  dependent  on  the  form 
of  the  body;  In  the  case  of  a  sphere,  A0  »  1*21.  (  6  ). 

After  conversion  formula  (7)  takas  the  form  (for 
the  instance  of  a  short  observation  interval  s=  t2  -  t^ 
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Formulas  (9)  and  (10)  may  be  used  as  approximative 
operational  formulas. 
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A  G  GKPAKISON  OF  RADAR  SETS  WITH  DIFFERENT  PARAMETERS 


We  will  compare  the  number  of  echos  registered  by 
two  radar  units  in  a  certain  sector A8  under  equal  stable 
conditions* 

It  follows  from  (9),  (10).  (11)  and  (5)  In  the 
case  of  weak  diffusion  (  &4.1)  that 
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In  the  case  of  intensive  diffusion  (A>  2) 


(12) 
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Knowing  the  number  of  meteors  registered  by  one 
of  the  station,  we  may  by  means  of  conversion  determine 
the  expected  quantity  of  meteors  discovered  by  another 
station  (under  analogous  circumstances).  It  should  be 
borne  in  mind  that  the  relation  -N]/N2  will  ba  determined 
by  the  meteor’s  parameters  rather  than  by  the  parameters 
of  the  radar  set  alone,  inasmuch  as  the  values  o  and  D, 
which  are  determinable  for  a  characteristic  altitude, 
depend  on  the  velocity  of  the  meteoric  body,  the  zenith 
distance  of  the  radian,  etc.  Besides,  N1/N2  depend  on 
the  mass  distribution  of  the  meteoric  bodies. 

Formulas  (.12)  and  (13)  have  been  obtained  in  some¬ 
what  different  form'  by  F.I.  Peregudov  (4). 

While  examining  this  problem,  we  did  not  take 
into  consideration  the  instance  of  very  intensive  diffu¬ 
sion. 
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A  report  is  made  on  the  creation  of  a  molecular 
time  and  frequency  standard  at  the  Kharkov  State 
Institute  of  Measures  and  Measuring  Instruments, 
which  is  based  on  the  application  of  a  molecular 
generator  using  a  beam  of  ammonia  molecules* 

A  procedure  is  described  for  tuning  the  frequency 
of  the  molecular  generator  according  to  minimum 
frequency  variation  as  a  function  of  the  ammonia 
pressure  in  the-  beam  source.  The  resolving 
power  of  this  tuning  method  is  estimated  at 

3  icr1^. 

The  first  results  are  given  of  the  determination 
of  the  molecular  generator*  a  frequency  expressed 
in  a  second  of  universal  time ,  UT-2 ,  found  from 
regular  comparisons  (beginning  5  February  1958) 
between  the  frequncles  of  the  molecular  genera¬ 
tor  and  a  continuously  operating  quartz  genera¬ 
tor  of  the  No. 3  frequncy  standard  of  the  Insti¬ 
tute  . 

It  is  pointed  out  that  a  molecular  generator 
employing  an  ammonia  molecular  beam  together 
with  a  continuously  operating  quartz  clock  can 
be  used  successfully  as  a  time  and  frequency 
standard. 
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Irregularities  in  the  earth’s  rotation  limit  the 
accuracy  of  reproducing  time  and  frequency  units.  In 
connection  with  this  the  need  has  arisen  to  aoply  a  new 
time  and  frequency  standard  which  ia  not  bound  to  the 
earth’s  rotation.  Atomic  and  molecular  standards  have 
appeared  to  be  most,  appropriate  for  this  purpose. 

3"he  absolute  frequency  value  of  these  devices 
\i.hase  frequencies  ordinarily  lie  in  the  centimeter  and 
millimeter  wavelength  bands)  are  basically  determined 
by  atomic  and  molecular  absorption  spectra  or  the  irradia¬ 
tion  of  matter  and  depend  very  little  on  external  condi¬ 
tions.  If  a  periodic  comparison  ia  made  between  atomic 
(or  molecular)  frequency  standards  and  continuously 
operating  quanta  clocks,  it  becomes  possible  to  have  a 
time  standard,  unconnected  with  the  earth’s  rotation, 
nitnorto,  only  microwave  absorption  spectra  of  oesiura  (1) 
u&ve  been  used  for  systematic  comparison  with  a  continu¬ 
ously  operating  quarts  clock.  This  device  has  been  called 
the  cesium  resonator* 

A  description  is  given  in  (2)  of  the  application 
or  a  molecular  ammonia  generator  for  this  purpose,  however 
one  cannot  form  any  concept  of  the  systematic 'nature  of 
the.se  observations  from  the  data  presented.  And,  besides, 
the  niunbdr  of  these  observations  is  not  very  large., 

A  molecular  generator  using  an  ammonia  beam  (3), 
developed  by  N.G.  Basov  and  A.M.  Prokhorov  has  been,  emoloyed 
for  this  purpose  since  February  195#  at  the  Ehar’kov  State 
institute  of  Measures  and  Measuring  Instruments.  The 
electrical  parameters  selected  for  our  molecular  generator 
are  the  same  as  in  (4)  (the  length  of  the  quadrupole  capac¬ 
itor  which  sorts  the  molecules  according  to  energy  level 
and  focusses  the  molecular  beam  is  Ik  -  100  mm,  the  length 
of  the  volumetric  resonator  Ip  -  27  ram,  the  diameter  of 
the  resonator  dp  -  9.725  mm},  although  a  number  of  changes 
have  been  introduced  into  its  construction. 

The  resonator  of  the  generator  has  been  provided 
with  a  mechanical  tuning  system  which  permits  a  running 
change  in . generated  frequency  within  small  limits.  Two 
independent  molecular  generators  are  mounted  in  a  single 
vacuum  housing.  Fig.l  shows  a  photograph  of  the  overall 
appearance  of  the  molecular  generator,  also  showing  it 
with  the  hood  removed. 

As  it  is  known,  at  a  very  high  transient  stability 
In  the  frequency  of  the  molecular  generator ,  Its  absolute 
value  can  change  substantially  as  a  function  of  the  In¬ 
tensity  of  the  molecular  beam  (the  pressure  of  the  ammonia 
at  the  beam  source  and  voltage  in  the  quadrupole  capacitor) 
and,  especially,  as  a  function  of  the  geometrical 
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Figure  1.  a  -A  photograph  of  the  overall  appearance 
of  the  molecular  generator;  b  -  the  molec¬ 
ular  generator  with  the-  housing  removed 


dimensions  of  the  resonator  (3,5) .  Hence,  in  order  to 
use  the  molecular  generator  as  a  frequency  standard,  it 
has  been  necessary  to  develop  this  tuning  method  which 
will  provide'  the  reproduction  of  an  absolute  frequency 
value  with  great  accuracy* 

Investigations  (6)  made  in  195?  have  shown  that 
for  our  molecular  generator  model  the  dependence  of 
frequency  on  the  ammonia  pressure  at  the  molecular  beam 
source  is  an  order  larger  than  on  the  voltage  in  the 
quadrupole  capacitor.  At  the  same  time,  as  follows  from 
(3,5),  tuning  positions  have  also  been  found  in  the 
.resonator  for  which  the  generator’s  frequency  had  changed 
very  little  upon  variations  in  the  amount  of  voltage  in 
the  quarupole  capacitor  and  in  the  ammonia  pressure  at 
the-  molecular  beam  source.  Although  resonator  tunings 
which  correspond  to  the  minimum  frequency  change  in  the 
molecular  generator  as  a  function  of  ammonia  pressure 
and  voltage  at  the  quadrupole  capacitor  do  not  coincide, 

It  did  appear  that  if  the  resonator  is  tuned  according 
to  the  minimum  frequency  change  from  the  ammonia  pressure, 
when  voltage  variation  in  the  quadrupole  capacitor  of 
10  percent  occurred,  the  frequency  was  altered  by  approx. 

1  *  10”1  .  This  singularity  was,  to  be  sure,  anticipated 
on  the  basis  of  the  method  developed  for  tuning  the 


molecular  generator  (6)* 

Its  operating  principle  may  be  clarified  by  an 
examination  of  the  block-diagram  depicted  in  fig.  2. 


MG  1 


Ammonia 

inlet 


Pulse 

generator 


Oscillograph 
with  afterglow 


Fig.  2  Block  Diagram  of  the  molecular 
generator  tuning  system 


Tjia  signals  from  the  two  molecular  generators  (MG  I 
and  MG  II)  are  applied  to  a  mixer  (M),  At  the  mixer  output, 
difference  frequency  oscillations  are  gotten,  whereupon, 
inasmuch  as  the  frequencies  of  the  generators  differ  some¬ 
what,  this  frequency  will  be  low  (in  the  order  of  several 
hunared  cycles  per  second).  After  amplification  by  the 
low  frequency  amplifier  UFA),  the  difference  frequency 
oscillations  are  fed  into  the  input  of  the  frequency  detec¬ 
tor.  At  the  output  of  the  frequency  detector,  an  electron 
oscillograph  with  a  long-lasting  afterglow  screen  and  low 
velocity  scanning  is  attached  as  an  indicator. 

It  is  easy  enough  to  see  that  if  the  frequencies 
of  the  oscillations  from  both  generators  are  constant  or 
change  very  slowly  in  time,  the  amplitude  of  the  voltage 
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at  the  frequency  detector  output  will  equal  zero,  and 
the  beam  on  the  oscillograph  screen  will  draw  a  straight 

1  IJ'LB  «, 

We  will  now  assume  that  there  is  a  tuba  through 
which  ammonia  enters  the  molecular  generator  MG- 1  and. 
ia  periodically  constricted  by  an  electromagnet  regulated 
by  the  pulse  generator.  The  ammonia  pressure  at  the 
molecular  beam  source  of  the  MG~I  generator  will  then 
also  be  varied  periodically,  and,  consequently,  the  fre¬ 
quency  which  it  produces  will  also  alternate.'  In  other 
words,  the  MG-X  generator's  oscillations  will  turn  out 
to  be  frequency  modulated.  Whereupon,  the  difference 
frequency  signal  (at  the  mixer's  output)  will  also  be 
frequency  modulated,  and  alternating  voltage  will  appear 
at  the  output  of  the  frequency  detector,  the  amplitude  of 
which  will  be  proportional  to  the  value  of  the  frequency 
change  in  oscillations  from  the  M3-1  generator , and  the 
form  will  be  traced  by  the  beam  on  the  oscillograph 
screen. 

When  the  tuning  is  changed  in  the  MG -I  generator's 
resonator ,  the  amplitude  of  the  alternating  voltage  seen 
on  the  oscillograph  screen  will  be  altered, 

A  tuning  position  can  be  found  for  which  (at  a  given 
sensitivity  in  the  entire  installation)  the  amplitude  of 
the  alternating  voltage  will  equal  zero,  and  a  straight 
line  will  be  seen  on  the  oscillograph  screen.  This  will 
also  be  the  tuning  position  of  the  resonator  at  which  the 
molecular  generator's  frequency  depends  very  little  on 
changes  in  the  pressure  of  the  ammonia,  and  if  the  slight 
variation  in  frequency  from  the  voltage  difference  in  the 
quadrupole  capacitor  is  ignored,  it  will  be  equal  (3)  in 
the  first  approximation  to  the  spectral  transition  frequen¬ 
cy.  The  resolving  power  of  the  tuning  method  has  the 
value  /v  3  •  10“10„  It  appears  to  us  that  this  can  be  raised 
later  on. 

The  frequency  of  the  molecular  generator,  tuned  in 
the  manner  described,  has  beginning  on  5  February  1958 
been  systematically  compared  with  the  frequency  of  the 
quartz  generator  of  the  No. .3  group  frequency  standard  of 
the  Institute,  in  continuous  operation  since  1950  by  means 
of  a  special  collation  system. (6).  From  8  March  comparison 
has  been  made  with  the  t wo  molecular  generators.  It  has 
turned  out  that  the  root-mean-square  deviation  in  the 
difference  frequency  of  the  two  molecular  generators  from 
the  mean  value  has  comprised  ±2.5  10*^°. 

We  note  that  in  preparing  the  generators  measures 
were  not  taken  to  obtain  complete  identity  in  all  the 
elements.  Moreover,  certain  elements  have  been  knowingly 
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altered.  Thus,  for  example,  the  energy  faotor  in  the 
resonators  differ  by  about  two  times.  Regardless  of 
how  the  comparison  findings  are  shown,  the  differences 
in  the  absolute  values  of  their  frequencies  do  not. 
exceed  the  resolving  power  of  the  tuning  method. 

The  frequency  of  the  molecular  generator  is  deter¬ 
mined  on  the  basis  of  a  second  of  universal  time,  UT-2, 
which  Is  based  on  the  earth's  rotation.  To  this  end, 
by . means  of  a  KXhZ  quartz  clock  measurements  are  taken 
daily  of  the  frequency  of  the  molecular  generator  accord¬ 
ing  to  time  signals  given  by  station  GBZ  at  10  hours 
with  subsequent  correction  for  standard  time  (as  published). 
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Figure  3.  The  frequency  of  the  molecular 
generator  as  a  function  of  UT-2 
(according  to  time  signal  reception 
from  station  GBZ  10^.  1  -  with 

cori’ection  for  standard  time; 

2  -  without  standard  tine  correc¬ 
tion 


Figure  3  shows  the  frequency  of  the  molecular 
generator  as  a  function  of  time.  Tach  point  is  the 
average  value  of  frequency  calculated  per  ten  day  period. 
The  solid  line  curve  has  been  plotted  with  consideration 
of  the  standard  time  correction,  while  the  broken  line 
has  not  been  adjusted  and  is  drafted  only  according  to 
time  signal  reception.  In  view  of  the  great  accuracy  in 
reproducing  the  absolute  value  of  frequency  in  the  molec¬ 
ular  generator,  the  scattering  of  points  indicates  inac¬ 
curacy  in  the  reception  of  the  time  signals. 


6 


Performing  the  comparisons  described  makes  it 
possible  in  the  future*  it  appears  to  us,  to  obtain 
data  on  non-periodic  variations  in  the  .rotational 
velocity  of  the  earth,  similar  to  those  shown  in  (?). 

It  follows  from  an  examination  of  tile  findings 
that  the  molecular  generator  using  an  ammonia  molecule 
beam,  together  with  a  continuously  operating  quarts 
clock,  can  be  successfully  utilised  as  a  time  and 
frequency  standard.  It  therefore  seems  to  us  that 
Eaaen*s  (8)  claim  that  the  ammonia  standard  is  less 
accurate  than  cesium  is  premature. 

In  conclusion  we  will  take  this  opportunity  to 
extend  our  thanks  to  L,D.  Bryzzhev  for  his  unflagging 
interest  in  this  work,  his  valuable  counsel  and 
judgment  on  the  findings. 

In  preparing  the  molecular  generator,  developing 
the  collation  system  and-  making  comparison  checks,  Ye. 

2.  Orlov,  A, I.  Samoylovich,  I.V.  Baulin  and  M.I.  Klyus 
have  been  collaborators.  The  author  expresses  his 
thanks  to  them. 

Kharkov  State  Institute  Submitted  to 

of  Measures  and  Measuring  the  editor 

Instruments  12  September  1958 
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OBSERVATION  OF  THE  -GRAB  NEBULA  WITH  THE 
LAROE  RADIO  TELESCOPE  OF  THE  MAIN 
ASTRONOMICAL  OBSERVATORY  AT  HJIICOVO 


G.P.  Apushkinskiy 
Yu*N.  Pariyskiy 

Astronomlcheakly  Zhurnal 

C Astronomical  Journal^ 

Vol.  XXXVI,  No  .4,  Moscow,  . 

Jul.-Aug.  1959,  pp.739-740.. 


The  results  of  preliminary  observation  of  the 
Crab  Nebula  on  the  3  cm  wave  length  are  given. 
The  observations  were  made  at  Pulkovo  Observa¬ 
tory  with  a  radio  telesoope  of  high  resolving 
power. 

The  angular  dimensions,  the  coordinates  of  the 
active  center  of  radio  emission  and  the  asym¬ 
metry  of  the  source  were  determined. 


The  findings  are  discussed  of  preliminary  observa¬ 
tions  made  in  September  1958  on  the  wave  \=3  om,  with  a 
radio  telescope  (X)  having  a  beavertail  beam  approximately 
2*  X  20*  in  size  with  a  receiver  (2)  having  a  sensitivity 
of  0,2°  K  at  constant  time 2.5  sec. 

Three  recordings  were  made  of  transmissions  from 
the  source  through  the  antenna  pattern,  laid  out  on  a 
large  scale  in  the  meridian  plane. 

Fig.  1  shows  the  recording  averaged  by  the  four 
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transmissions  {the  dash-line  curve  is  given.  plotted 
symmetrically  to  the  eastern  edge). 


East  WSst 

Figure  1 


The  half-width  and  limits  of  the  radio-emission  area  of 
the  source,  adjusted  to  the  an.tenna  pattern  were  3*.4±0,.l 
and  less  than  6f,  respectively.  Asymmetry  was  noticeable: 
the  western  edge  was  at  a  greater  slant  which  qualitatively 
coincided  with  eclipse  observations  at  wave  length  *=75 
cm  ( 3 ) . 

4  i^le  coordinate  of  the  active  emission  center  in 
right  ascension  was  <*1950  =:5h  31m  29a, 55  ±  Is. 

.  u4l^  j  Interesting  to  note  that  the  emission  center 
has  shifted  west  of  the  former  supernovae  toward  the 

?Ifat*?lu?ter  ^se9»  toF  exarnPle  (4).  It  is  possible  that 
this  displacement  has  been  caused  bv  the  asymmetry  of  the 
source. 


Fig.  2 
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A  comparison  is  given  in  fig#  2  of  the  distribution  of 
radio  brightness  with  observations  in  the  optical  and 
radio  wave  ranges  (4,5,6).  It  has  recently  been  pro** 
posed  at  the  Main  Astronomical  Observatory  that  a 
detailed  study  of  the  Grab  Nebula,  be  conducted  with  a 
greater  resolving  power#. 

Submitted  to  the 
editor  17  March  1959 
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